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Abstract
University mathematics has been described as a setting that has challenges in inviting
everyone to be part of the mathematics community. Thus, university mathematics
offers an important context for research on belonging. For this study, we utilised a
mixed-methods approach to investigate the various ways mathematics students belong
or do not belong to the mathematics community. Based on both quantitative and
qualitative analyses, three student profiles were identified: Members of the Scientific
Community, Members of the Social Community, and Non-Members. The first profile
highlights students’ belonging to the scientific community, the second profile empha-
sises belonging to the social community of students, and in the third profile students’
responses reflected various ways of not belonging to the mathematics community. In
addition, we elaborate on how university mathematics learning environments both
promote and hinder students’ sense of belonging. Overall, the study broadens the
understanding of the ways of belonging in the mathematics context and provides
suggestions for teaching to address the issues of exclusion that are currently present
in the culture of university mathematics.
Keywords Learning environment . Mixed-methods research . Sense of belonging .
Teaching practices . Universitymathematics education
Introduction
Many mathematics departments in universities around the world have historically
struggled to invite everyone to be part of the mathematics community. To give one
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illustrative example from our university, in the history of the almost 400-year-old
institution, it was only recently that the first female academic was appointed as a
professor in the Department of Mathematics and Statistics. This anecdotal example
represents the personal interest for the authors to conduct socio-cultural research, but it
also represents larger issues of equity in university mathematics, which has been
described as a context that has not been able to consider under-represented groups
(Adiredja and Andrews-Larson 2017; Croft and Grove 2015). Indeed, researchers have
asked, for example, why women and people of colour opt out of university mathemat-
ics (Good et al. 2012; Herzig 2004a, 2004b) and why research on university mathe-
matics education has largely neglected disabled students (Nieminen and Pesonen
2020). Furthermore, university mathematics setting has been studied from the view-
point of alienation (Solomon and Croft 2016). To address these issues of equity,
Adiredja and Andrews-Larson (2017) draw on Gutiérrez (2013) seminal work and
called for socio-political research also in the field of university mathematics education.
Thus, university mathematics offers an interesting context for research on belonging.
The present study investigates the ways mathematics students belong - or do not belong
- to the mathematics community. In line with Good et al. (2012), we conceptualise
mathematics community as a large group of people at one’s higher education institution
involved in the field of mathematics, including, for example, mathematics researchers,
lecturers, and students. The motivation of the present study is to offer solutions for the
issues of exclusion that are currently present in the culture of university mathematics,
through a deeper understanding of the various ways of belonging.
How is the feeling of belonging defined? In higher educational research, sense of
belonging generally refers to a feeling of connectedness, that is, a feeling that one is
important to others (Rosenberg and McCullough 1981). Sense of belonging is often
connected with psychological safety and, therefore, it has been conceptualised as a
basic human need (Strayhorn 2019). Similar to Tovar and Simon (2010) and Osterman
(2000), the present study conceptualises sense of belonging as a relational construct,
implying that a person can feel low sense of belonging in one context, while at the same
time feeling strong sense of belonging towards a group of people in some other context.
Hagerty et al. (2002) described the absence of sense of belonging as ‘sense of
alienation’, social isolation and marginality (see also Solomon and Croft 2016).
Strayhorn (2019) sees sense of belonging as a basic human need that must be fulfilled
before higher order actions can be executed. According to them, all human resources
are ‘preoccupied with this process and, thus, cannot be used for other purposes like
focusing on the lecture, completing the lab, or acing the test […]’ (p. 161). Indeed,
sense of belonging has been shown to support both academic performance (Hoffman
et al. 2002; Walton and Cohen 2007, 2011) and retention in higher education
(Hausmann et al. 2007; Jacoby and Garland 2004; O'Keeffe 2013; Tinto 1987).
Earlier higher education research emphasised the importance of interpersonal rela-
tionships for students’ sense of belonging (Brunsting et al. 2019; Buote et al. 2007;
Hoffman et al. 2002; Maunder 2018; Pascale 2018; van Gijn-Grosvenor and Huisman
2020). Sense of belonging has also been investigated in both science and university
mathematics contexts. For example, Rainey et al.’ (2018) study sought explanations for
belonging and not belonging in STEM fields using a grounded theory approach. The
study analysed 201 student interviews and identified four categories of reasons for
belonging and not belonging: Interpersonal relationships, Science identity, Personal
International Journal of Research in Undergraduate Mathematics Education
interest, and Competence. It seems that in the mathematics context, the central role of
interpersonal relationships is emphasised, especially for under-represented student
groups (Espinosa 2011; Solomon et al. 2011).
Earlier research has also shown that active learning environments in higher educa-
tion offer an affordance for fostering social interaction and collaboration (Clinton and
Wilson 2019; Theobald et al. 2020; Lahdenperä et al. 2019). Furthermore, both formal
and informal student interaction during study at university has been connected with
increased sense of belonging (Masika and Jones 2016; Meeuwisse et al. 2010; Peacock
and Cowan 2019; Thomas 2012). The role of teaching practices has been shown to be
central in sense of belonging in mathematics as well. For example, Solomon (2007)
studied identity and belonging in first-year mathematics students and revealed that the
prevailing theme was ‘not belonging’, and perceptions of being a potential member of
the mathematics community were scarce. In line with prior research, Solomon (2007)
concludes by calling for ‘participatory pedagogy’ that makes identity development
accessible to all students (see also Solomon and Croft 2016). Elsewhere, it has been
argued that mathematics support centres based on participatory approaches can foster
communal co-construction of mathematics (Solomon, Croft, & Lawson, 2010). More-
over, based on their quantitative study, Good et al. (2012) argue that teaching practices
fostering the incremental theory of intelligence create opportunities for under-
represented groups to belong in the mathematics community. Therefore, it can be
hypothesised that learning environments emphasising students’ own activity and
responsibility for learning and facilitating student collaboration support the
development of sense of belonging in mathematics.
Strayhorn (2019) emphasises that even though the literature has identified sense of
belonging as a major factor in students’ well-being, little is known about how it varies
in different subgroups of students. Widening the current conceptualisation of belonging
being a continuum of ‘low’ and ‘high’ seems crucial in the context of higher education
as students are adults who might have their social networks elsewhere (e.g. family). As
Pascale (2018) notes, students might willingly choose not to belong if their main goal is
the degree itself. Healy (2020) separates between non-belonging (loss of sense of
belonging) and unbelonging (removal of sense of belonging), reminding that conscious
non-belonging might even boost one’s energy. However, they continues that
unbelonging might have serious consequences in educational settings (Healy 2020).
Therefore, it is important to understand both various ways of belonging and not
belonging in the university mathematics context. Furthermore, the concept of sense
of belonging is still largely missing from studies concerning solely university mathe-
matics education. The present study addresses these research gaps by investigating
mathematics student subgroups in terms of their sense of belonging. The purpose of the
study is to understand the various ways in which university mathematics students
belong, or do not belong, to the mathematics community. The present study is also
motivated to elaborate further on the connection between teaching practices and
students’ sense of belonging.
Aims and Research Questions
For the present study, we used a mixed-methods approach to create student profiles
differentiated by their ways of belonging to the mathematics community. The aim is to
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further understand sense of belonging as a multifaceted construct. Rather than seeing
sense of belonging as a continuum of low and high ‘amount’ of it, the present study
draws on mixed-methods approach to dig deeper into different ways students can
belong to the university mathematics community. The research questions are:
1. What kinds of student clusters could be found about sense of belonging in
mathematics?
2. What elements did the students in the different clusters connect with their belong-
ing or not belonging to the mathematics community? How did these elements
differ between the clusters?
The overall aim is to improve understanding of the ways of belonging and not
belonging to a university mathematics community and, with this knowledge, to provide
suggestions for inclusive university mathematics teaching.
Methods
A mixed-methods approach was used to answer the two research questions. In this
section, the context, data collection, and data analysis are described in greater detail.
Context
The study was conducted in the mathematics departments of two research-intensive
universities in Finland. The Finnish welfare state provides free tertiary education for
European Union students and provides compensation for the Finnish students’ living
costs with a monthly grant. The university campuses do not usually include student
housing. University study usually lasts for five years, with the bachelor’s degree taking
three years and master’s degree two. However, it is common for a student to take more
than five years to complete their master’s degree. Students are accepted to pursue both
bachelor’s and master’s degrees when they first enrol at university.
In upper secondary school, students study mathematics up to the concept of an
integral. Therefore, the first university mathematics courses are already proof-based
courses. In Finland, the Universities Act (2009) provides academic freedom for
teachers in their teaching and assessment practices. Traditionally, the teaching of a
university mathematics course includes six weeks of lectures (approximately five hours
a week) and small group sessions (approximately two hours a week). The small group
sessions consist of solving problems or going through problems students have solved
prior to the session. Students often take turns to solve the problems on the blackboard.
It should be noted that the two university mathematics departments are pioneers in
developing their educational settings. One of the departments (Uni1) has undergone a
major cultural shift towards creating a collaborative community of learners (Rämö et al.
2019). The other department (Uni2) has yet to be active in educational research, but
many of the lecturers have presented their teaching innovations at international con-
ferences. In addition, they are active members of the national community, the Network
for University Mathematics Educators (NUME), the aim of which is teaching devel-
opment and educational research collaboration.
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Data Collection
Mathematics students in the two mathematics departments answered an electronic
questionnaire on a voluntary basis in spring 2019. The data reported in this study
consisted of both quantitative and qualitative data. The data collection procedure did
not require an ethical review and the research process followed the guidelines of the
Finnish National Board on Research Integrity (2019).
Instrument The data was collected using an electronic questionnaire with both quan-
titative and qualitative items. The quantitative data were collected using the Mathe-
matical Sense of Belonging instrument (MSoB; Good et al. 2012). First, the instrument
was translated into Finnish and then back-translated into English to ensure that the
meaning of the items was preserved in the process. Second, two focus groups of
mathematics students were organised to discuss the translated items. Third, the authors
modified the translations based on the focus group discussions. Fourth, the authors
organised yet another focus group of mathematics students, after which they made the
final modifications to the translations. The purpose of the process was to preserve the
meaning of the original items, but at the same time to ensure that students understood
the translated versions correctly.
The instrument was a 30-item scale forming five factors. The factors were Mem-
bership (e.g. “I feel like I am part of the maths community”), Acceptance (e.g., “I feel
appreciated”), Affect (e.g., “I feel comfortable”), Trust (e.g., “I trust my instructors to
be committed to helping me learn”), and Desire to fade (e.g., “I wish I were invisible”).
The data was collected on a five-point Likert scale (1 = completely disagree, 5 =
completely agree) and all items were preceded by the statement, “When I am in a
maths setting...”, following the data collection procedure by Good et al. (2012). At the
beginning of the questionnaire, the concept of ‘mathematics community’ was defined
as a large group of people at your institution involved in the field of mathematics,
including, for example, mathematics researchers, lecturers, and other students (adapted
to the Finnish context from Good et al. 2012).
The questionnaire continued with two qualitative open-ended questions: 1)
What factors contribute positively to your belonging to the mathematics com-
munity? 2) What factors contribute negatively to your belonging to the math-
ematics community? The questions were derived from Rainey et al.’ (2018)
study and later, their coding scheme was used in the present study in analysing
the students’ responses.
Participants The students at both universities received an invitation to participate in the
study via email. At Uni1, an announcement about the study was sent to the student
email lists of the mathematics department and the student organisation. At Uni2, two
lecturers sent an email to their students promoting the study. It is possible that the
emails were received by a few hundred students, and in any case, the respondents (N =
89) were only a small sample of the student population. This is discussed further in the
section about the limitations of study. The background information of the participants
(N = 89) is shown in Table 1. Most of the participants came from Uni1 and speak
Finnish as their first language. There was an equal number of men and women
participants, and they represented all stages of university study.
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Data Analysis
The quantitative and qualitative data were analysed separately. The analysis was
conducted by the authors, who both have a background in mathematics, have conduct-
ed mixed-methods research, and are familiar with the teaching and learning practices at
Uni1. They also interact regularly with the lecturers in Uni2, so they were familiar with
the contextual factors present in the students’ responses to the open-ended questions.
Quantitative Analysis The data analysis was conducted using IBM SPSS Statistics 24
software. The instrument was used for the first time in Finnish and in a Finnish context.
As the sample size was not sufficient for confirmatory factor analysis, the factor
structure was analysed with exploratory factor analysis (principal axis factoring, direct
oblimin rotation). The number of factors was fixed at five and they explained 57.3% of
the total variance in the data. The Kaiser-Meyer-Olkin Measure of Sampling Adequacy
(KMO) for the overall data set was .827 and Bartlett’s test of sphericity was p < 0.001,
both supporting the performing of the factor analysis.
Based on the factor analysis, one item was deleted due to low communality,
minuscule factor loading and deviant skewness and kurtosis. The deleted item was “I
trust the testing materials to be unbiased” in the Trust factor. This was not surprising
considering the context of Finnish higher education, in which examination culture is
based on low-stakes testing and exams can be taken multiple times. Every factor was
checked for internal consistency with Cronbach’s Alpha which are presented in
Table 2. The reliability levels are above the .7 threshold and can therefore be consid-
ered acceptable.
After the factor analysis, the participants were clustered according to their responses
to the Mathematical Sense of Belonging instrument. Hierarchical clustering (Ward’s
method, squared Euclidean distance) was used to determine the number of clusters, and
K-means clustering to identify the cluster membership. The Pearson’s chi-squared test
was used to investigate if the clusters differed in terms of the background variables. In
addition, one-way ANOVA with Tukey’s post-hoc test was used to investigate the
differences between the means of the three clusters on each factor.
Qualitative Analysis The qualitative data were analysed through a theory-guided con-
tent analysis (Schreier 2012; Miles and Huberman 1994). A total of 83 students (93%)
Table 2 The number of items and reliabilities of the five factors in the MSoB instrument
Factor Number of items Cronbach’s Alpha
Membership 5 .938
Acceptance 9 .866
Affect 8 .900
Trust 3 .702
Desire to fade 4 .784
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from the quantitative part of the questionnaire also provided answers to the open-ended
questions. The four categories set by Rainey et al. (2018) for student perceptions of
belonging or not belonging were used as a frame for the analysis and it consisted of
four categories: Interpersonal relationships, Science identity, Personal interest, and
Competence. Interpersonal relationships refer to a feeling of social connectedness with
peers and/or faculty members (positive) or a lack of social connection and a feeling of
not fitting in (negative). Science identity refers to science being part of the student’s
identity as a person (positive) or lacking a personal connection to the major (negative).
It should be noted that the original term ‘science’ and not ‘mathematics’was used in the
category name, as the original frame was used in STEM fields including also mathe-
matics. Personal interest refers to personal interest in the course subject or major
(positive) or a lack of interest (negative). Competence refers to a feeling of understand-
ing (positive) or not understanding (negative) major-related material.
During the analysis process, the researchers were open to new categories showing up
since the framework was originally conducted in the field of STEM, not specifically in
mathematics. The unit of analysis was chosen to be a coherent set of an idea (Schreier
2012). To clarify the distinction between analysis units, and between the Science
identity and Personal interest categories (which were the categories most difficult to
distinguish from each other in the data), an example is provided:
[My sense of belonging is supported by] my own motivation and interest towards
mathematics. Also, friends from STEM fields [support my sense of belonging]. [I
lack sense of belonging] because I don't feel like I’m a mathematician but more
like a practitioner and a future teacher.
The student’s answer includes three units of analysis, which were coded as positive for
Personal interest, positive for Interpersonal relationships, and negative for Science
identity, respectively. The total number of analysis units in the study was 194. Brief
answers that did not fit into the four categories and included insufficient information for
the building of new ones were excluded from the data (one-word responses, e.g.,
‘health’). The analysis was conducted with a person-oriented view in that the answers
to the two questions by each student were analysed together, and each answer was
interpreted against the other. The authors analysed the data independently, after which
they compared their analysis sheets. Finally, all discrepancies were aligned through a
discussion between the authors. The student quotes reported in this paper were
originally in Finnish and have been translated into English by the authors.
Results
The participants from the present study consisted of university mathematics students
who reported both quantitatively (N = 89) and qualitatively (N = 83) on their sense of
belonging in mathematics. The analysis was based on the students’ responses to the
MSoB questionnaire (Good et al. 2012) and the two open-ended questions. The main
result of the present study is the formation of three student profiles: Members of the
Scientific Community (MSC; n = 41), Members of the Social Community (MSoC; N =
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31), and Non-Members (NM; n = 17). The first profile highlighted students’ belonging
to the scientific community, the second profile emphasised belonging to the social
community, and in the third profile students’ responses reflected a range of ways of not
belonging to the mathematics community. Another major result of the present study
was the finding of a new category - Learning environment - to supplement the
framework by Rainey et al. (2018).
In the following subsections, the student profiles are described in more detail. The
results are reported in four parts. The first part introduces the quantitative origin of the
student profiles. The second part introduces the new Learning environment category,
and the third and fourth parts report the qualitative similarities and differences between
the student profiles.
Quantitative Origin of the Student Profiles
To start creating the profiles, students were clustered according to their responses to the
translated Mathematical Sense of Belonging (MSoB) instrument (Good et al. 2012). First, a
hierarchical cluster analysis was conducted and based on the dendrogram, a three-cluster
solutionwas chosen as themost appropriate. K-means analysiswith number of clusters fixed
to three followed. After the creation of the clusters, discriminant function analysis was
conducted, and it showed that 98.9% of the participants were correctly classified in their
clusters. The three clusters were used as a basis for the MSC, MSoC, and NM profiles.
The means, standard deviations, and ANOVA comparisons of the profiles are
presented in Table 3. The profiles were compared in terms of the background variables.
Based on a Chi square test, the three profiles did not differ statistically significantly in
terms of their gender (χ2(4, N = 89) = 2.47, p = .65), study year (χ2(16, N = 89) = 17.32,
p = .37) or university (χ2(2, N = 89) = 1.07, p = .36). The profiles were then compared
with a one-way ANOVA and Tukey’s post hoc test to investigate whether the profiles
differed statistically significantly in their scores on the five factors. The profiles showed
similar trends in all five factors: the MSC profile had the highest and the NM profile had
the lowest means on all factors. The mean differences were also statistically significant
Table 3 The means, standard deviations, and ANOVA comparisons of the three student profiles
MSCa profile
(n = 41)
MSoCb
profile
(n = 31)
NMc profile
(n = 17)
ANOVA Post hoc
comparison
Mean SD Mean SD Mean SD F(2, 88) η2 Tukey HSD
Membership 4.10 0.59 3.25 0.57 1.74 0.48 105.83*** 0.71 1 > 2, 3***; 2 > 3***
Acceptance 4.35 0.42 3.68 0.46 2.97 0.49 60.74*** 0.59 1 > 2, 3***; 2 > 3***
Affect 4.05 0.55 3.01 0.68 2.94 0.58 34.38*** 0.44 1 > 2***; 1 > 3***
Trust 3.84 0.75 3.51 0.83 2.78 0.82 10.71*** 0.20 1 > 3***; 2 > 3*
Desire to faded 4.34 0.49 3.33 0.67 2.87 0.76 43.79*** 0.50 1 > 2, 3***; 2 > 3*
aMSC=Members of the scientific community, bMSoC =Members of the social community, c NM=Non-
members, d Higher value means lower rate. Asterisks are used to denote the p-values (* for p < 0.05, and ***
for p < 0.001 significance levels)
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on each factor; the general trend was that the MSC profile means were statistically
significantly higher than the means of the other two profiles, and that the MSoC profile
means were statistically significantly higher than the means of the NM profile. Overall,
it seems that the different factors of the MSoB instrument form a one-dimensional scale.
A New Category for Students’ Perceptions of Belonging: Learning Environment
A theory-guided qualitative content analysis was conducted on students’ responses on
the two open-ended questions (What factors contribute positively/negatively to your
belonging to the mathematics community?). The analysis was based on the four cate-
gories identified by Rainey et al. (2018): Interpersonal relationships, Science identity,
Personal interest, and Competence. In addition to these predetermined categories, the
analysis process revealed a new category: Learning environment. This category
consisted of student perceptions of elements in the teaching practices, such as lectures
and small group discussions. In contrast with the other four categories, the Learning
environment category included units that explicitly connected sense of belonging with
the mathematics learning environments. As the students’ responses also included aspects
of social interaction, it is crucial to distinguish between the Learning environment and
Interpersonal relationships categories; the Learning environment category does not
include the social interactions per se, but instead, it referred to teaching practices that
form structures for learning. For example, a student from MSC profile stated:
Lectures and small group sessions support my feeling of belonging in the
mathematics community. Without these I would hardly participate in interactive
learning of mathematics. (MSC profile)
The student’s response implied that the teaching practices form the structures in which
the interactive learning, perhaps involving peer students and teachers, takes place. The
types of responses in which the students underlined that course designs and learning
activities made it possible to engage in social interaction that fostered students’ sense of
belonging, were common. As the following two student responses show, the students
usually referred to positive social encounters both with other students and with the staff
members within the learning environment:
Lecturers who manage their courses (and communicate) in a clear manner have
promoted my sense of belonging. (MSoC profile)
Lectures that are based on discussion. (NM profile)
The connection between Learning environments and students’ sense of belonging was
further elaborated by students who needed support in developing social relationships.
The students reported on benefiting from learning environments that fosters or even
‘forces’ them to interact with others:
‘Forcing’me to socialise and to create connections with the other students during the
first university courses, not just in social activities outside of teaching. (NMprofile)
There should be more support for group work and planned situations for this at
the beginning of the studies but also later on. (NM profile)
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Besides perceiving the Learning environment as a proxy to Interpersonal relationships,
students reflected on the physical environment, as shown in the following quote:
The campus hallways are good places for communalmathematics studying.However,
they are quite noisy and, as a consequence, it is a little hard to concentrate. It is quiet
in the library, but the downside is that you are alone. (MSoC profile)
In addition to positive accounts for the Learning environments category, the students
also reported on learning environments that hindered their sense of belonging. These
accounts concerned teaching practices that either did not address the issues of
socialisation or created negative experiences. In the following quotes, two students’
responses indicate that a very negative experience within a certain learning environ-
ment can leave a long-lasting impression:
Tense atmosphere in the small groups, silence, no one is talking. (NM profile)
I remember the small group sessions of this one course. That experience really got
stuck in mymind. Almost every time a student who had shared their solution in front
of the class started to cry, because the teacher was really not supportive at all. Even
though the solution would have been correct, there was always something about the
markings to nag about. These kinds of experience stick in your mind for a long time
and destroy the foundation of a positive attitude. (MSoC profile)
Qualitative Elaboration of the Student Profiles
The frequency of students’ responses coded into the five qualitative categories are
presented in Table 4. Students who provided multiple analysis units are included in all
the respective categories. For example, 70% of the students in the MSC profile gave
responses that were coded into the Interpersonal relationships category. The contents of
the table will be discussed in the following two subsections.
Qualitative Similarities between the Profiles Students in all three profiles largely
reported that positive accounts of both Learning environment and Interpersonal rela-
tionships positively contribute to their sense of belonging in mathematics; the social
aspect of studying was largely reflected in the students’ responses. The responses
connecting Interpersonal relationships and sense of belonging consisted of accounts of
studying with friends (‘friends and the supportive atmosphere’, MSoC profile; ‘friends
who are at the same stage of their studies as I am’, NM profile), about meeting other
students in study-related events and organisations (‘active participation in the subject
association for mathematics‘, MSoC profile) and about warm interaction with staff:
I feel like the staff and the tutors gladly take part in open conversations which
makes it easier to approach them. (MSC profile)
In terms of negative contributions to sense of belonging, students in all clusters reported on
negative accounts for Interpersonal relationships and Competence. Students in all profiles
reported that a lack of Interpersonal relationships contributed negatively to their sense of
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belonging. There were several factors related to Interpersonal relationships that hindered
sense of belonging, such as personal attributes (shyness, lack of social skills, anxiousness),
fear of not being accepted, lack of friends, and loneliness. For example, one student stated:
I don’t have a lot of friends on the campus and I feel that I have to do all the work
by myself. Sometimes it feels quite demanding. (MSoC profile)
Some students reported that when they were unable to approach the staff members
(e.g., lecturers) easily, it had a negative impact on their sense of belonging. In terms of
Competence, students in all profiles had doubts about whether their mathematical
competence would be enough to fully become part of the mathematics community.
As the following three quotes demonstrate, the students perceived mathematical com-
petence as one of the key factors in being a member of the community:
The feeling that I’m not good enough or that others would think that I’m not good
at mathematics. (MSC profile)
My level of self-criticism is high, and there’s always someone who’s better than
me, so I can’t believe in myself as much as I would want to. (MSoC profile)
I feel like belonging to the mathematics community would require deeper
understanding of mathematics than I currently have from the bachelor’s
courses that I’ve completed with moderate grades (GPA 3*). (NM profile;
*on a scale from 1-5)
Finally, it is worth noting that the students connected Personal interest neither to
positive nor negative accounts of sense of belonging in mathematics.
Qualitative Differences between the Profiles The student profiles differed qualitatively
in many ways. This section describes the unique characteristics of the profiles, one
profile at a time.
Table 4 The frequencies of different reasons for belonging and not belonging in each of the student profiles
(N = 83)
MSC
profile
MSoC profile NM profile Total
Reasons for belonging Interpersonal relationships 70% 32% 33% 49%
Science identity 22% 6% – 12%
Personal interest 8% 6% 7% 7%
Competence 8% 3% – 5%
Learning environments 24% 35% 33% 30%
Reasons for not belonging Interpersonal relationships 49% 58% 60% 54%
Science identity 30% 13% 20% 22%
Personal interest 5% 10% 20% 10%
Competence 27% 29% 40% 30%
Learning environments 11% 19% 13% 14%
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The MSC profile was the only profile largely reporting both positive and negative
accounts of Science identity. Many of the students in this profile explained that they had
already been part of the community through working as a hired student tutor or a research
assistant. Also, many students wrote that they had attended research seminars during their
studies. Therefore, many students were already attached to the scientific community. For
example, one student in this profile stated: ‘The scientific community at the mathematics
department is special’. Besides positive accounts, the students also reported on negative
accounts for Science identity; students in this profile felt that they would have wanted to
work in a research project but had never had the chance to do so. In addition, the students
reported feeling that they were part of the student community, but not part of the broader
scientific community. For example, a student in this profile stated:
Because researchers and professors are also part of the mathematics community,
it is hard for me to imagine being a part of the same community as them.
However, I do feel that I’m part of the same mathematics community as my
peers. (MSC profile)
The students in the MSoC profile can be distinguished from the other two profiles by their
extensive reports on social interaction with other students - both in terms of belonging and
not belonging to the mathematics community. These accounts categorised as Interpersonal
relationships were further highlighted in the students’ responses, as they elaborated on their
Science identity less extensively than the students in the MSC profile. The students in the
MSoC profile described social interactions even within statements in the other categories.
For example, the student in the following quote connected Learning environment and the
academic community directly with Interpersonal relationships:
At least it helped me when I later had a chance to get to know a couple of people
a bit better in courses that demanded more participation. In addition, I made
some new friends from the university community in general, from a neighbouring
department I mean. (MSoC profile)
The students in this profile also reported negative accounts of interpersonal relation-
ships. Some students reported not having a lot of friends on campus; there were many
reasons for this, one reason was being much older than the other students. For example,
a student noted that ‘the other students are closer to the ages of my children than my
own’. Other students in this profile described how they were not interested in being part
of the mathematics community, since they had their own communities elsewhere. For
example, some students already had a job.
The students in the NM profile are unique from the other two profiles for their lack
of sense of belonging. A lot of the open answers reflected on studying alone - and even
a willingness to do this. This can be seen in the following student quotes:
Being unsocial and living far away from the campus. I don’t like communal
studying, small groups sessions, or lectures. I would rather study and work on the
assignments at home by myself. (NM profile)
My habit of studying alone. I haven't got acquainted with any other mathematics
students during the whole 4-5 years. (NM profile)
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I mostly study by myself, and I don’t participate in social activities at the
university. As an introvert, it’s not easy to make casual friends with the other
students on the courses. (NM profile)
Although the lack of Competence was hindering the students’ sense of belonging in all
three profiles, it formed a more extensive barrier for students in the NMprofile to belong
to the mathematics community. For example, one student described suffering from an
‘inferiority complex’, and another expressed their fear of ‘being of less worth and less
intelligent than the rest of the students’. Often, the lack of Competence was tied up with
students’ GPA and grades, and this reflected on the students’ sense of belonging.
Furthermore, students in this profile reported having fixed conceptualisations of their
mathematical competence. For instance, a student described being unable to be a
member of the community because of their study prior entering the university:
Too weak a level of competence, above all not enough prior knowledge. I didn’t
take advanced mathematics at high school and it was all badly taught, so after
that you won’t just ‘become a member of the mathematics community’. Supposing
anything else would be foolish. (NM profile)
Discussion
Higher education research has often conceptualised sense of belonging as a basic human
need connected tomany important factors in students’ learning and studying, such as well-
being and academic performance (Hoffman et al. 2002; Theobald et al. 2020; Walton and
Cohen 2007, 2011). Given the previously-reported issues of exclusion in university
mathematics context (Adiredja and Andrews-Larson 2017; Croft and Grove 2015; Good
et al. 2012; Nieminen and Pesonen 2020), it is surprising how rarely the concept of sense
of belonging has been directly addressed in this field. The present mixed-methods study
identified three student profiles from a sample of universitymathematics students based on
both their responses to the Mathematical Sense of Belonging instrument (Good et al.
2012) and their answers concerning reasons for belonging or not belonging to the
mathematics community (as analysed using the framework by Rainey et al. 2018).
The present study identified the three student profiles as Members of the scientific
community (MSC; n = 41), Members of the social community (MoSC; n = 31), and Non-
members (NM; n = 17). These student profiles did not differ statistically significantly in
terms of any measured background variable (gender, year of study, university). In general,
it is encouraging to see that most of the students belong to the first two profiles reporting,
in the quantitative part of the study, relatively high sense of belonging. The cluster analysis
aimed to move beyond the traditional understanding of sense of belonging as a simple
continuum of ‘high’ and ‘low’ belonging, as university students might choose to belong to
various communities, the university setting not automatically being the most important of
them (e.g. Pascale 2018). Interestingly, the three student profiles identified in the analysis
seem to implicate a division between ‘low’, ‘medium’ and ‘high’ sense of belonging; the
student profiles acted uniformly across the five factors in the MSoB scale, implying one-
dimensionality of sense of belonging. Nonetheless, the cluster analysis is a novel approach
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in constructing quantitative understanding of the nuances of sense of belonging in the
context of higher education.
The cluster analysis was accompanied by a qualitative content analysis of students’
responses. The aim of the analysis was to understand various aspects affecting students’
belonging. In addition to the four categories (Interpersonal relationships, Science identity,
Personal interest, and Competence) in the earlier framework by Rainey et al. (2018), the
analysis revealed a new supplementary category: Learning environment. This new category
emerged in students’ responses when they explicitly connected their sense of belongingwith
tangible teaching practices forming structures for their learning. Prior research has connected
active teaching practices in higher education with increased social interaction (Clinton and
Wilson 2019; Lahdenperä et al. 2019), which in turn has been repeatedly related to increased
sense of belonging (see e.g. Masika and Jones 2016; Meeuwisse et al. 2010). The present
study confirms a similar link in the context of university mathematics; active learning
environments hold an affordance for supporting students’ sense of belonging inmathematics
by building structures for student interaction. The literature has reported on large-scale
campus interventions (see Strayhorn 2019 for a literature review), and in the university
mathematics context, on support centres (Solomon et al. 2010) and belonging from the
perspective of identity (Solomon 2007; Solomon and Croft 2016). These approaches most
definitely hold their place in supporting students’ sense of belonging. However, as the
positive accounts of the new Learning environment category supported students’ sense of
belonging in all three profiles, it suggests that in addition to campus-level interventions,
every teacher can contribute with appropriate designs of their teaching practices. It should be
noted that the two mathematics departments participating in this study have both tried to
develop their teaching and to create more student-centred learning environments (see e.g.
Lahdenperä et al. 2019). Therefore, the emergence of the new Learning environment
category can be seen as being a result of the consistent work done to enhance students’
own activity and interaction with peers and faculty members. This kind of development is
supported by the Finnish context giving university teachers considerable autonomy in their
teaching practices and in developing mathematics learning environments.
Unexpectedly, the students in the present study did not connect Personal interest to
either positive or negative accounts for their sense of belonging. A more expected result
was that the results emphasised the central role of Interpersonal relationships in sense of
belonging; the most common category for all three student profiles was the (lack of) an
Interpersonal relationships category, for both supporting and hindering the students’
sense of belonging. This is not a new finding, as it has largely been reported in the
literature (Brunsting et al. 2019; Buote et al. 2007; Hoffman et al. 2002; Maunder 2018;
Pascale 2018; van Gijn-Grosvenor and Huisman 2020). However, this further elabo-
rates on the importance of the social in learning university mathematics.
The results also suggest that besides being proxy to higher order actions (Strayhorn
2019), sense of belonging could itself form a hierarchical structure. The MSC profile - the
students reporting the highest sense of belonging in the quantitative part of the study - is
unique in reflecting on their Science identity.Many of these students have beenworking as a
tutor, teaching assistant, or research assistant, and have attended research seminars that
supported their belonging to the scientific community. However, they also reflected on the
lack of Science identity and called for more student-faculty member collaboration and a
mixing of mathematics teaching and research. In contrast, the students in the MSoC profile
did not report on their Science identity or any connections with faculty members. Instead,
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they considered their (lack of) sense of belonging as (not) belonging socially to the
community of students, and they see it as the result of their own actions (studying with
peers, or being unable to build social networks due to clashes with work). According to
Strayhorn (2019), the students in this profile are ‘preoccupied’ with building interpersonal
relationships and cannot yet execute ‘higher order’ actions such as reflecting on their
belonging to the scientific community. However, this can also be interpreted as students
rejecting the normative scientific community and forming a social community of their own;
as an implication, there exists at least twomathematics communities the students can belong
to. Whether there is one mathematics community or two separate communities, namely the
scientific and the social communities, the role of the social is crucial – either for serving as a
proxy for belonging to the one mathematics community or providing an alternative
community for students who find the scientific community non-inclusive.
Perceived competence formed a critical factor in students’ responses for reasons of not
belonging to the mathematics community. It was visible in all student profiles, but it was
emphasised in the NM profile. This finding might not seem surprising at first; surely,
belonging to an academic community requires some understanding of mathematical
content. However, the students in this profile conceptualised their mathematical compe-
tence one-dimensionally, such as on a continuum from ‘low’ to ‘high’. Rainey et al.
(2018) included ‘conceptual understanding’ and ‘communication’ under the definition for
Competence. Therefore, the problem for the students in the NM profile is that mathe-
matical competence in the university setting cannot be abridged into ‘low and high
levels’, or into grades and GPA, especially if notions such as conceptual understanding
are to be addressed. This finding is in line with earlier research; Rattan and colleagues
noted (Rattan et al. 2018) that in STEM fields, expanding the notion of scientific potential
has a positive effect on students’ sense of belonging. Therefore, this confirms that in the
context of university mathematics in particular, problematising the one-dimensional
notion of competence might offer a key to address issues in students’ sense of belonging.
Strayhorn ends their literature review by stating that ‘every student wants to belong;
with our help, they will’ (Strayhorn 2019, p. 172); the present study slightly disagrees with
this statement by differentiating between scientific and social ways of belonging to the
mathematics community. Also, the conceptualisation of sense of belonging as a relational
construct acknowledges that not all students want to belong to the mathematics commu-
nity due to belonging to other communities (Pascale 2018). In this study, we applied
Healy’s (2020) distinction between non- and unbelonging to the context of university
mathematics by understanding the spectrum of different ways of not belonging to the
mathematics community. Even though students would want to non-belong, educators
might still have the responsibility to promote collaboration and sense of belonging, since
the students’ own will might not always represent what is best for them (which goes back
to the core of what is meant by education - educators also want to correct unfunctional
study strategies, for example). Earlier research has highlighted the affordances that online
systems offer for sense of belonging, even when students would only be able to attend
their courses remotely (Peacock and Cowan 2019), which offers an interesting perspective
for mathematics communities. However, even more important is to promote teaching
practices that prevent unbelonging and structural alienation (see Solomon 2007). The
present study has highlighted that learning environments are not separate from the
construct of mathematical sense of belonging but are an important part of building it.
Reflecting the literature (Rattan et al. 2018; van Gijn-Grosvenor and Huisman 2020), the
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results indicate that learning environments that promote social interaction, warm class-
room climate, and a broader understanding of mathematical competence, positively
contribute to students’ sense of belonging for different student profiles.
Limitations of the Study and Future Research
Several limitations of the study should be pointed out. First, the sample size of only 89
students should be considered when interpreting our findings, as it limited the choice of
statistical measures that could be used. However, the three-cluster solution showed out
consistently in each of the factors, so that the students reporting strong sense of belonging
had the highest mean on all the factors in the instrument and the students reporting the
weakest sense of belonging had the lowest, leaving the students reporting medium sense of
belonging somewhere in the middle. This result is in line with previous research (Good et al.
2012) and to some extent, endorses the translated version of the MSoB scale. Future studies
should further validate theMSoB scale in other contexts andwith larger datasets. Further, the
quantitative results did not differ according to age and gender, which contradicts what was
reported byGood et al. (2012). It may be due to the sample size and/or the context of Finnish
higher education. However, it could also be due to a biased sample, since it is possible that
students with the most issues concerning sense of belonging did not participate in the study.
The quantitative data was supplemented with qualitative data aiming for a mixed-
methods approach that would deepen the understanding of sense of belonging in mathe-
matics. However, a more sophisticated mixed-methods approach, using student interviews
(for example), might further elaborate on the differences in the student profiles. The recent
conceptualisation of both non-belonging and unbelonging by Healy (2020) offers the field
of mathematics a framework to understand the structural issues related to belonging; more
extensive qualitative data might also reveal valuable information on these forms of not
belonging. For example, an interesting question for future studies is whether non-belonging
in the mathematics setting is about empowered free will to choose not to belong, or about
alienation and unbelonging. This sets an important new viewpoint to future research on
active learning environments. Earlier research has underlined that while designing university
mathematics learning environments to support underrepresented student groups, it is often
not enough to design for them (Nieminen and Pesonen 2020). Therefore, future studies
should utilise participatory approaches that let students have their say both in designing and
studying learning environments that would support sense of belonging.
Finally, the dataset was based on only one questionnaire. Future studies could apply
longitudinal approaches to investigate how sense of belonging varies in different learning
environments anddevelopsduring the time that students are at university.Given that previous
qualitative studies have underlined the importance of teaching practices in the formation of
mathematical identitiesandsenseofbelonging(SolomonandCroft2016;Solomon2007)and
the resultsof thepresent study, there is ageneralneedfor largerandmoresystematicstudieson
the interaction betweenmathematics learning environments and sense of belonging.
Conclusions
As Strayhorn (2019) argues in their review, too often the research on sense of
belonging takes the role of ‘doing research for research’s sake’ (p. 3). Therefore, we
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want to offer practical teaching implications based on our findings from the present
study. Our results showed that individual learning environments contributed to the
overall sense of belonging in all three identified student profiles. Based on our findings
we claim that every university teacher and their pedagogical practices matter. Devel-
oping student-centred learning environments that foster social interaction is one way to
support students’ integration into and belonging to the mathematics community. With
careful design of learning environments, students’ interpersonal relations, science
identity, interest, and perceived competence can be allowed for, to make sure that no
one is excluded from the community. As earlier research has underlined structural
issues of exclusion in university mathematics setting, we argue that aligning learning
environments with the pedagogical purpose of supporting belonging is especially
important in university mathematics contexts. Also, based on our findings on the
interplay of sense of belonging and competence, we strongly recommend that future
research moves forward from a one-dimensional understanding of mathematical com-
petence; even Rainey et al. (2018, p. 9) end up referring to ‘high-achieving’ students
who report ‘low’ competence (emphasis added). Finally, the results of this study
emphasise the importance of understanding the ways mathematics communities create
inclusion and exclusion, and how university mathematics teachers could (and should!)
eliminate those practices that clearly contribute to exclusion and alienation.
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